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1. 

METHODS FOR DIFFERENTATING 
BETWEEN DISEASE STATES 

RELATED APPLICATIONS 

This application is a 35 U.S.C. 0371 national stage appli 
cation of International Application No. PCT/IB2011/003145, 
filed Dec. 22, 2011, and claims priority to U.S. Prov. Applin. 
No. 61/426,853 filed Dec. 23, 2010, which are incorporated 
by reference herein in their entirety. 

FIELD OF THE DISCLOSURE 

This disclosure relates to methods for differentiating 
between mammals having active and latent Tuberculosis dis 
CaSC. 

BACKGROUND OF THE DISCLOSURE 

Cellular immunity and particularly CD4 T-cells have a 
central role in the control of Mycobacterium tuberculosis 
(Mtb) infection IFN-Y and TNF-C. are thought to be crucial for 
protection against Mtb. Diagnosis of Mtb infection remains 
complex and requires several clinical, radiological, histo 
pathological, bacteriological and molecular parameters. IFN 
y-release assays (IGRAs), i.e. Quantiferon and ELISpot, 
measure responses to antigens (e.g., ESAT-6 or CFP-10) that 
are mainly limited to Mtb, and discriminate infection from 
immunity induced by vaccination with Bacille Calmette 
Guérin (BCG). IGRAs however do not discriminate between 
active disease and latent infection. While IFN-Y production 
alone showed no correlation with disease activity in chronic 
virus infection, polyfunctional (IFN-y+IL-2+TNF-C.) profiles 
of pathogen-specific T-cell responses have been correlated 
with disease activity. A definite correlation between active 
and latent Mtb infection, suitable for incorporation into an 
assay for differentiating between the two conditions, has not 
yet been described. Previous work has described a rough 
correlation between active disease and the presence of >50% 
of Mtb-reactive CD4 T cells producing TNF-C. that do not 
also produce IFN-Y and IL-2 (e.g., TNF-C. monospecific 
cells). However, this rough correlation was not sufficiently 
accurate or specific to serve as a true diagnostic tool. As 
described below, a specific correlation has been identified and 
an accurate, reproducible assay system for differentiating 
between active and latent infection by Mtb provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Quantitative and qualitative analysis of Mtb-spe 
cific T-cell responses. A. IFN-Y ELISpot responses following 
stimulation with ESAT-6 or CFP-10 peptide pools in a cohort 
of 283 participants with latent Mtb infection (n=272) or active 
TB disease (n=11, Suppl. Data 1). Shown are the numbers of 
spot-forming units (SFU) per 10 mononuclear cells. Statis 
tical significance (P values) of the results was calculated by 
unpaired two-tailed student t test using GraphPad Prism 5. 
Bonferroni correction for multiples analyses was applied. B. 
Qualitative analysis of Mtb-specific CD4 T-cell responses by 
polychromatic flow cytometry. Shown are representative flow 
cytometry analysis of the functional profile of Mtb-specific 
CD4 T-cell responses in participants with either latent Mtb 
infection (Ptil 5, left panels) or active TB disease (PtilA2, 
right panels). Profiles are gated on live CD3+ CD4+ T cells 
and the various combinations of IFN-Y, IL-2 and TNF-C. are 
shown following stimulation with ESAT-6 and CFP-10 pep 
tide pools or PPD. C. Simultaneous analysis of the functional 
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2 
profile of Mtb-specific CD4 T-cells on the basis of IFN-y, IL-2 
or TNF-C. production. ESAT-6-, CFP-10- and PPD-specific 
CD4 T-cell responses are shown from 48 and 8 participants 
with latent Mtb infection or active TB disease, respectively. 
Representative examples from Ptil IL5 and Ai2 shown in FIG. 
1B. are also identified. All the possible combinations of the 
different functions are shown on the x axis whereas the per 
centages of the distinct cytokine-producing cell Subsets 
within Mtb-specific CD4 T-cells are shown on they axis. The 
pie charts Summarize the data, and each slice corresponds to 
the proportion of Mtb-specific CD4 T-cells positive for a 
certain combination of functions. D. Distribution of CFP-10 
and/or ESAT-specific CD4 T-cell responses among patients 
with latent Mtb infection or active TB disease. 

FIG. 2. Analysis of Mtb-specific T-cell responses follow 
ing unblinding of the clinical status. A. IFN-y ELISpot 
responses following stimulation with ESAT-6 or CFP-10 pep 
tide pools. Shown are the numbers of SFU per 10 mono 
nuclear cells. Statistical significance (P values) of the results 
was calculated by unpaired two-tailed student t test using 
GraphPad Prism 5. Bonferronicorrection formultiples analy 
ses was applied. B. Analysis of Mtb-specific IFN-y ELISpot 
T-cell responses in patients enrolled in Switzerland and 
Republic of South Africa (RSA). C. Distribution of CFP-10 
and/or ESAT-specific CD4 T-cell responses among patients 
from the validation cohort with positive and concordant Mtb 
specific CD4 T-cell responses (Suppl. Data 6). 

FIG. 3. Percentages of CFP-10- or ESAT-6-specific single 
TNF-C-producing CD4 T-cells of the 94 patients with con 
cordant responses against CFP-10 and ESAT-6. Dashed line 
represents the cutoff of 37.4% of single TNF-C. A. Patients 
with active disease or latent infection are identified with blue 
and red dots, respectively. B. Patients from the Republic of 
South Africa (RSA) or Switzerland (CH) are identified with 
orange and green dots, respectively. 

FIG. 4. Longitudinal analysis of the percentage of Mtb 
specific single TNF-C-producing CD4 T-cells from 5 patients 
analyzed during untreated active TB disease and then post 
TB treatment. Shown is the full functional profile (SPICE 
analysis) on the basis of IFN-Y, IL-2 and TNF-C. production of 
a total of 7 Mtb-specific CD4 T-cell responses. All the pos 
sible combinations of the different functions are shown on the 
X axis whereas the percentages of the distinct cytokine-pro 
ducing cell subsets within Mtb-specific CD4 T-cells are 
shown on the y axis. The pie charts Summarize the data, and 
each slice corresponds to the proportion of Mtb-specific CD4 
T-cells positive for a certain combination of functions. 

FIG. 5. Flow chart description of patients included in the 
test cohort. 

FIG. 6. Clinical description of patients diagnosed with 
active TB disease from the test cohort. 

FIG. 7. Analysis of Mtb-specific T-cell responses by IFN-y 
ELISpot (left panel) and polychromatic flow cytometry (right 
panel) from patients screened prior to anti-TNF-C. treatment 
(i.e. patients followed in the department of Rheumatology 
RHU) and the others. All the possible combinations of the 
different functions are shown on the x axis whereas the per 
centages of the distinct cytokine-producing cell Subsets 
within Mtb-specific CD4 T-cells are shown on they axis. The 
pie charts Summarize the data, and each slice corresponds to 
the proportion of Mtb-specific CD4 T-cells positive for a 
certain combination of functions. 

FIG. 8. Analysis of the functional profile of Mtb-specific 
CD4 T-cells on the basis of IFN-Y, IL-2 or TNF-C. production 
shown in absolute scale. ESAT-6-, CFP-10- and PPD-specific 
CD4 T-cell responses are shown from 48 and 8 participants 
with latent Mtb infection or active TB disease, respectively. 
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All the possible combinations of the different functions are 
shown on the x axis whereas the frequencies of Mtb-specific 
cytokine-producing CD4 T-cells are shown on they axis. The 
pie charts Summarize the data, and each slice corresponds to 
the proportion of Mtb-specific CD4 T-cells positive for a 
certain combination of functions. 

FIG. 9. Logistic regression analysis (left panel) showing 
the association between the proportion of single TNF-C. with 
the ability to discriminate between active TB disease and 
latent Mtb infection (AUC=0.995; 95% confidence interval: 
0.984-1; Odds-Ratio=1.45) from the test cohort. Right panel 
shows that a cutoff of 37.4% (of single TNF-C-producing 
CD4 T cells) was calculated as the value associated with a 
sensitivity of 100% and specificity of 96%. 

FIG. 10. Flow chart description of patients included in the 
validation cohort. 

FIG. 11. Clinical description of patients diagnosed with 
active TB disease from the validation cohort. 

FIG. 12. Percentages of Mtb-specific single TNF-C-pro 
ducing CD4 T-cells in the 7 participants (among 101) with 
discordant responses against ESAT-6 and CFP-10 peptide 
pools. Dashed line represents the cutoff of 37.4% of single 
TNF-C. Participants with latent Mtb infection (N=6) are rep 
resented with red circles whereas the patient with active TB 
disease (N=1) is shown with blue squares. 

FIG. 13. Overall performance of the test showing positive 
and negative predictive values, sensitivity and specificity (top 
panel). Logistic regression analysis (left bottom panel) show 
ing the association between the proportion of single TNF-C. 
with the ability to discriminate between active TB disease and 
latent Mtb infection in the validation cohort (AUC=0.825 
95% confidence interval: 0.683-0.968); Odds-Ratio=1.10). 
Right bottom panel shows that a cutoff of 38.8% (of single 
TNF-C-producing CD4 T cells) was calculated as the optimal 
threshold. 

FIG. 14. Lack of ex vivo detection of Mtb-specific IL-17 
producing CD4 T cells. (A) Flow cytometric profiles of C. 
albicans, S. aureus and E. coli-specific CD4 T cells from a 
representative healthy subject (Subject #797) and (B) M. 
tuberculosis (Mtb)-specific CD4 T cells from a representative 
subject with latent Mtb infection (LTBI, Subject #1, left pan 
els) or with active TB disease (TB. Subject #2, right panels) 
able to produce IL-17, IL-2, TNF-C. and IFN-y. The flow 
cytometric profiles of unstimulated cells (negative control) 
and cells stimulated with a polyclonal stimulation (positive 
control) are also shown. (C) Functional composition of patho 
gen-specific CD4 T-cell responses. All the possible combina 
tions of the responses are shown on the X axis and the per 
centage of the functionally-distinct cell populations within 
the pathogen-specific CD4 T cells are shown on the y axis. 
Responses are grouped and color-coded on the basis of the 
combinations of the cytokines produced. The pie charts Sum 
marize the data. The black arcs identify IL-17 producing 
subsets. Stars indicate statistical significance (10000 permu 
tations: P-0.0001). Spots correspond to the fractions of dif 
ferent functionally distinct T-cell populations within the total 
CD4 T-cells. 

FIG. 15. Mtb-specific CD4 T cells from brochoalveolar 
lavages (BAL) of TB patients lack immediate IL-17 effector 
functions. (A) Flow cytometric profiles of extracellular bac 
teria-specific CD4 T-cell responses from cells isolated from 
either peripheral blood or gut mucosal tissues from one rep 
resentative subject (#044). (B) Flow cytometric profiles of 
Mtb-specific CD4 T-cell responses from cells isolated from 
either peripheral blood or BAL from one TB patient (Subject 
#2). (C) Proportion of extracellular bacteria-Versus Mtb-spe 
cific IL-17 responders from healthy subjects or TB patients 
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4 
detected in gut mucosal tissues or BAL, respectively. Statis 
tical analyses were performed using x test. (D) Proportion of 
extracellular bacteria-versus Mtb-specific IL-17 responses 
among the total CD4 T-cell responses (TNF-C. or IFN-y or 
IL-2 or IL-17: any responses) from healthy subjects (N=5) or 
TB patients (N=5) detected in gut mucosal tissues or BAL, 
respectively. P values were derived from either x analyses, 
for comparison of positive proportions or by student t test. 

FIG. 16. Acquisition of IL-17 effector function by Mtb 
specific CD4 T cells from LTBI subjects but not from TB 
patients. (A) Flow cytometric profiles of Mtb-specific CD4T 
cells either directly ex vivo or following in vitro expansion. 
Representative LTBI (subject #2279) and TB 
(patientiGR070193) patients are shown. The flow cytometric 
profiles of unstimulated cells (negative control) and cells 
stimulated with a polyclonal stimulation (positive control) 
are also shown. (B) Proportion of Mtb-specific IL-17 
responders from TB patients (N=5) or LTBI (N=14) detected 
either directly ex vivo or following in vitro expansion. Statis 
tical analyses were performed usingy test. (C) Proportion of 
Mtb-specific IL-17 responses among the total CD4 T-cell 
responses (TNF-C. or IFN-y or IL-2 or IL-17: any responses) 
from TB patients w (N=5) or LTBI (N=14) detected either 
directly ex vivo or following expansion. P values were 
derived from either x analyses, for comparison of positive 
proportions or by student t test. 

FIG. 17. Acquisition of IL-17A effector function by Mtb 
specific CD4 T cells in LTBI subjects directly correlates with 
the proportion of Mtb-specific CD4 T cells co-expressing 
CCR6 and CXCR3. (A) flow cytometric profiles of CD4 T 
cells expressing mTNF-C. following Mtb-specific or C. albi 
cans-specific stimulation. One representative LTBI subject 
(subject #5002037214) is shown. Flow cytometric profiles 
(B) and cumulative data (C) of Mtb-specific and C. albicans 
specific CD4 T cells expressing CXCR3 and/or CCR6. Blue 
dots represent antigen-specific CD4 T cells (mTNF-C-ex 
pressing CD4 T cells), while the grey density plot represent 
total CD4 T cells. (D) Acquisition of IL-17A by Mtb-specific 
CD4 T cells in LTBI subjects directly correlates with the 
proportion of Mtb-specific CD4 T cells co-expressing CCR6 
and CXCR3. P values were derived from student t test or 
Pearson's correlations. 

SUMMARY OF THE DISCLOSURE 

This disclosure relates to methods for differentiating 
between mammals having active Tuberculosis disease and 
latent Mycobacterium tuberculosis (Mtb) infection. In one 
embodiment, a method for identifying an individual having 
active Tuberculosis disease by determining the relative per 
centage of one or more particular types of reactive CD4 T 
cells. In certain embodiments, the method comprises isolat 
ing mononuclear cells from the mammal, incubating the cells 
with a peptide derived from Mycobacterium tuberculosis 
(Mtb) (e.g. from proteins such as ESAT-6 or CFP-10), and 
assaying the CD4 T-cells for expression of TNFC, IFN-Y, 
and IL-2. If the relative percentage of mononuclear CD4" 
T-cells producing TNFC. but not IFN-y or IL-2 is greater than 
about 35%, 37.4%, or 38.8%, the individual is identified as 
having active Tuberculosis disease. Conversely, if the relative 
percentage of mononuclear CD4 T-cells producing TNFC. 
but not IFN-y or IL-2 is less thanabout 35%,37.4%, or 38.8%, 
the individual is identified as not having active Tuberculosis 
disease but latent Mtb infection. In some embodiments, the 
relative percentage is determined using flow cytometry. 

Also provided are methods for monitoring Tuberculosis 
disease in an individual being treated for the disease (e.g., by 
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an antibiotic), the method comprising isolating mononuclear 
cells from the individual 4 weeks, 3 months and/or 6 months 
after initiation of antibiotic therapy; incubating the cells with 
a peptide derived from Mycobacterium tuberculosis (Mtb); 
assaying the relative percentage of CD4 T-cells producing 
TNFC, IFN-y, and IL-2; determining the relative percentage 
of mononuclear CD4 T-cells producing TNFC. and not IFN-y 
or IL-2 and, Subsequently, either: 1) continuing the current 
course of antibiotic therapy where the relative percentage of 
mononuclear CD4"T-cells producing TNFC. and not IFN-y or 
IL-2 is lower than about 35%, 37.4%, or 38.8%; or, 2) modi 
fying administration of the antibiotic therapy where the rela 
tive percentage of mononuclear CD4 T-cells producing 
TNFC. and not IFN-y or IL-2 remains greater than about 35%, 
37.4%, or 38.8%. In some embodiments, the methods further 
comprise repeating these steps. The methods may also com 
prise administering an antibiotic to an individual having 
active Tuberculosis disease for 6 months prior to conducting 
Such analyses. 

Another measure that may be used to distinguish between 
latent Mtb infection and active TB disease relates to the 
expression of IL-17 (e.g., IL-17A, IL-17B, IL17C, IL17D, 
IL17E and IL17F: preferably IL-17A) by mononuclear cells, 
such as T cells, especially CD4 T cells. In certain embodi 
ments, a method for determining the disease status of an 
individual comprising exposing mononuclear cells of the 
individual to one or more Mtb antigens and detecting the 
expression of IL-17, wherein the expression of IL-17 indi 
cates the patient has latent Mtb infection is provided. In one 
embodiment, the method may include exposing mononuclear 
cells of the individual to one or more Mtb antigens); cultur 
ing said mononuclear cells in vitro; restimulating the cultured 
mononuclear cells; and, assaying Supernatant in which the 
mononuclear cells of step c) were cultured or assaying the 
cells of step c) to detect IL-17 therein where detection of 
IL-17 indicates the individual may have latent Mtb infection; 
and, lack of detection of IL-17 indicates the individual may 
have active TB disease. In certain embodiments, methods for 
distinguishing a patient having latent Mtb infection from a 
patient having active TB disease, the method comprising 
identifying within a biological sample of a patient having 
latent Mtbinfection, but not in a biological sample of a patient 
having active TB disease, mononuclear cells that express 
IL-17 in the presence of Mtb antigen are provided. In some 
embodiments, the mononuclear cells are peripheral blood 
mononuclear cells (PBMCs). In certain embodiments, the 
IL-17 is IL-17A. Some embodiments provide for detection of 
IL-17 in the culture supernatant of mononuclear cells that 
have been exposed to one or more Mtb antigens invitro. Some 
embodiments provide for detection of IL-17 within the mono 
nuclear cells that have been exposed to one or more Mtb 
antigens in vitro. In certain embodiments, the mononuclear 
cells are CD4 T cells. Methods for treating individuals are 
also provided. For examples, an individual may be treated for 
latent Mtb infection if IL-17 in detected using the methods 
described herein, or treated for active TB disease if IL-17 is 
not detected using these methods. 

Other embodiments of these methods will be evident to the 
skilled artisan from this disclosure. 

DETAILED DESCRIPTION 

This disclosure relates to methods for differentiating 
between mammals having active Tuberculosis (TB) disease 
and latent Mycobacterium tuberculosis (Mtb) infection. This 
is of particular importance at both the individual (e.g., one 
mammal) but also population level (e.g., multiple mammals) 
since only individuals with active TB infection are infectious. 
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6 
Related methods have been described previously, but none 
have been found to have the required sensitivity and specific 
ity as those described herein. For example, an IFN-Y ELISpot 
assay has been described but found not to be useful for dif 
ferentiating between active TB disease and latent Mtb infec 
tion. Other studies have shown that Mtb-specific CD4" 
T-cells with latent infection were mostly polyfunctional (e.g., 
composed of more than 50% of TNFCIFNY'IL-2") while 
more than 50% of the CD4" T cells inpatients with active TB 
disease were monofunctional (e.g., TNFCIFNYIL-2). 
While a lack of overlap between the functional profiles of 
CD4 cells of patients with active TB disease and latent 
infection suggested that this assay may be useful as a diag 
nosis tool, it was found not to provide either the required 
sensitivity or specificity. Those requirements have only now 
been met by the methods described herein. 

Thus, in one embodiment, a method for identifying with 
Sufficient sensitivity and specificity an individual having 
active TB disease by determining the relative percentage of 
one or more particular types of reactive CD4 T cells is 
provided. In one embodiment, Mtb-specific T-cells may be 
characterized by isolating the cells from an individual (e.g., 
having either latent Mtb infection or active TB disease). The 
cells may then be contacted with Mtb antigens (e.g., pep 
tides). Mtb antigens) may be, for example, ESAT-6, CFP-10, 
and/or tuberculin purified-Protein-Derivative (PPD RT23) 
and/or derivatives thereofas described herein. The cells may 
then be assayed to determine the types of cytokines expressed 
thereby. In some embodiments, the cytokines are IL-2, IFN-y, 
and TNF-C. Cytokine expression may be measured using any 
suitable assay system. Such systems include, for example, 
immunoprecipitation, particle immunoassays, immu 
noephelometry, radioimmunoassay, enzyme immunoassay 
(e.g., ELISA), fluorescent immunoassay (e.g., flow cytom 
etry), and/or chemiluminescent assays. As shown in the 
Examples below, polychromatic flow cytometry may be espe 
cially suitable. Additional assay systems that may be useful in 
making these determinations are described in, for example, 
the Examples section. 

In other embodiments, methods for identifying with suffi 
cient sensitivity and specificity an individual having active 
TB disease or latent Mtbinfection are provided which involve 
determining whether the mononuclear cells of the individual 
produce IL-17 when exposed to Mtb antigen?s) (e.g., ESAT-6, 
CFP-10, and/or tuberculin purified-Protein-Derivative (PPD 
RT23) and/or derivatives thereof as described herein). Pro 
duction of IL-17 in response to exposure to Mtb antigenCs) 
may be considered an IL-17 effector function. An "immedi 
ate IL-17 effector function is typically one that is observed in 
mononuclear cells (e.g., PBMCs) after isolation from an indi 
vidual without further exposure (e.g., in vitro) to Mtb 
antigen?s). In certain embodiments, an individual having 
latent Mtb infection may be distinguished from an individual 
with active TB disease by measuring the expression of IL-17 
(e.g., IL-17A, IL-17B, IL17C, IL17D, IL17E and IL17F: 
preferably IL-17A) by mononuclear cells (e.g., peripheral 
blood mononuclear cells (PBMC), T cells, and/or CD4" T 
cells) of the individual after exposing such cells to Mtb anti 
gen(s). For instance, mononuclear cells obtained from a 
mammal with latent Mtb infection may be determined to 
express IL-17 following exposure to Mtb antigen(s) (e.g., in 
vitro). In contrast, mononuclear cells of a mammal having 
active TB disease assayed in this way typically do not to 
express IL-17. Thus, the presence of IL-17-producing mono 
nuclear cells (e.g., CD4 T cells) in a biological sample of an 
individual (e.g., after stimulation with Mtb antigen) may 
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allow one to exclude the diagnosis of active TB disease and/or 
diagnose latent Mtb infection. Such mononuclear cells may 
be Mtb-specific CD4 T cells that exhibit an IL-17 effector 
function, and may be detected in patients with latent Mtb 
infection but not those with active TB disease. As shown 
herein, acquisition of IL-17 effector function by Mtb-specific 
CD4 T cells may also directly correlate with expression 
(e.g., co-expression) of CXCR3 and/or CCR6. Thus, this 
disclosure provides methods for identifying an individual 
having latent Mtb infection, a mammal having active TB 
disease, and/or distinguishing an individual having latent Mtb 
infection from one having active TB disease by detecting in a 
biological sample of the mammal mononuclear cells (e.g., 
CD4 T cells) that express IL-17 in the presence of Mtb 
antigens). Such methods may also be used to predict and/or 
determine disease status (e.g., latent Mtb infection vs. active 
TB disease) of a mammal. Such methods typically include 
assays that comprise exposing mononuclear cells (e.g., CD4" 
T cells) to Mtb antigen and detecting IL-17 in the cell culture 
Supernatant and/or within the cells perse (e.g., intracellular), 
wherein the detection of IL-17 indicates the mammal may 
have (e.g., has) latent Mtb infection and/or the lack of detec 
tion of IL-17 indicates the mammal may have (e.g., has) 
active TB disease. As described herein, cytokine expression 
may be measured using any suitable assay system such as, for 
example, immunoprecipitation, particle immunoassays, 
immunoephelometry, radioimmunoassay, enzyme immu 
noassay (e.g., ELISA), fluorescent immunoassay (e.g., flow 
cytometry), and/or chemiluminescent assays. As shown in the 
Examples below, polychromatic flow cytometry may be espe 
cially suitable. Additional assay systems that may be useful in 
making these determinations are described in, for example, 
the Examples section. 

Cytokines that may suitable to measurement in the assays 
described herein include, for example, IFN-Y, TNF-C. IL-2, 
and/or IL-17, among others. The results derived from the any 
of assays described herein may be combined to provide added 
confidence to the diagnosis of active TB disease or latent Mtb 
infection. The assays may be also combined such that the 
expression of multiple cytokines and/or cell Surface (or other) 
markers may be measured essentially simultaneously. Cell 
Surface markers that may be suitable for measurement in the 
assays described herein include, for example, CD3, CD4. 
CD8, CD19, CD28, CD127, CD154, CD45RA, and/or 
CCRT, among others. In certain embodiments, expression 
(e.g., co-expression) of CXCR3 and/or CCR6 may be useful 
in making the determinations described herein. For cytokine 
measurement, ELISpot assays may be performed per the 
instructions of the manufacturer (e.g., Becton Dickinson). 
Other assay systems that may utilized include, for example, 
enzyme-linked immunosorbent assay (ELISA), multiplex 
assays (e.g., arrays, LumineX platform), radioimmunoassay, 
bioassay, microspheres, intracellular detection (e.g., perme 
abilization and detection using antibodies), detection of RNA 
(e.g., messenger RNA (mRNA), using microarrays, poly 
merase chain reaction, northern blot, and/or similar tech 
niques), flow cytometry, and the like, and/or combinations of 
Such assays. Cell culture Supernatants and/or cells perse (e.g., 
intracellular cytokines) may be assayed for the presence of 
cytokines. Flow cytometric techniques may also be useful for 
measuring cytokine expression, which is typically measured 
by intracellular cytokine staining (ICS). In any such assays, 
cells may first be assessed for viability by, for example, LIVE/ 
DEAD staining (e.g., Aqua or ViViD from Invitrogen). Typi 
cally, the population of cells studied will be at least about 80% 
viable. In some embodiments, the cells may be at least about 
any of 85%, 90%. 95%, or 99% viable. Assays are also typi 
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8 
cally performed in duplicate, triplicate, or quadruplicate. It is 
standard practice to use software for data procurement and 
analysis. Statistical analysis is also typically performed (e.g., 
Fisher's exact test, two-tailed student t test, logistic regres 
sion analysis) to provide sensitivity, specificity, positive pre 
dictive value (PPV), and/or negative predictive value (NPV). 
A sensitivity/specificity graph (e.g., ROC-curve graph) may 
also be generated to determine the probability cutoff. Other 
cytokines, cell Surface markers, and percentages may also be 
useful in carrying out the methods described herein as would 
be understood by the skilled artisan. 

In carrying out the methods described herein, it may be 
particularly useful to measure expression of IFN-y, TNF-C. 
and IL-2 in circulating peripheral blood mononuclear cells 
(PBMC) of individuals having active TB disease and/or indi 
viduals having latent Mtb infection. In some embodiments, 
expression of IFN-Y, TNF-C., and IL-2 of CD4 T cells in such 
individuals may be assayed (additional cytokines may also be 
assayed). As shown herein, the expression of TNF-C. without 
substantial co-expression of IFN-Y and/or IL-2 may be used 
as a measure differentiating between individuals experienc 
ing active Tuberculosis disease and latent Mtb infection. For 
instance, in Some embodiments, greater than about 35% to 
40% of circulating CD4 T cells in an individual with active 
TB disease will express TNF-C. without substantially co 
expressing IFN-Y and/or IL-2. In certain embodiments, 
greater than about 37.4% of circulating CD4 T cells in an 
individual with active TB disease will express TNF-C. without 
substantially co-expressing IFN-Y and/or IL-2. And in other 
embodiments, greater than about 38.8% of circulating CD4" 
T cells in an individual with active Tuberculosis will express 
TNF-C. without substantially co-expressing IFN-Y and/or 
IL-2. 
As described in certain embodiments of this disclosure, it 

may also be particularly useful to measure expression of 
IL-17 in mononuclear cells (e.g., peripheral blood mono 
nuclear cells (PBMC), T cells, and/or CD4" T cells) of indi 
viduals having active TB disease and/or individuals having 
latent Mtb infection. In some embodiments, it may be useful 
to measure and/or compare the expression of IL-17 in mono 
nuclear cells (e.g., after stimulation with Mtb antigenCs)) of 
individuals suspected to have either active TB disease or 
latent Mtb infection. In some embodiments, the expression of 
IL-17 by or within mononuclear cells may be assayed along 
with other additional cytokines and/or cell surface markers. 
As shown in the Examples, the expression of IL-17 may be 
used as a measure differentiating individuals experiencing 
active TB disease from those with latent Mtb infection. For 
instance, it has been determined that mononuclear cells that 
produce IL-17 (e.g., IL-17 producing cells) in the presence of 
Mtb antigen may be detected in greater than about 50% of 
individuals with latent Mtb infection while such cells are 
typically not detected in individuals with active TB disease. 
Certain of these mononuclear cells also express cell Surface 
markers such as CXCR3 and/or CCR6. As described in the 
Examples, to carry out Such assays, mononuclear cells (e.g., 
PBMCs) of an individual may be stimulated with Mtb 
antigen?s) followed by a short term in vitro culture (e.g., 
typically 5-7 days) and then a short (e.g., 6-hour) re-stimula 
tion (e.g., polyclonal) of the expanded cells. The cells are then 
assayed to detect IL-17 expression (e.g., in the culture Super 
natant and/or within and/or upon the cells perse). As shown in 
the results presented in the Examples, the samples of about 
half the patients with latent Mtb infection will typically con 
tain IL-17 producing cells while, typically, samples from 
individuals with active TB disease will not contain any IL-17 
producing cells. Thus, the presence of IL-17-producing 
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mononuclear cells (e.g., CD4 T cells), optionally following 
exposure of Such cells to Mtb antigencs), may allow one to 
exclude the diagnosis of active TB disease and/or conclude 
that the individual may have or has a latent Mtb infection. 
Other embodiments may also be derived from the Examples 
described herein. 

It is preferred that such measurements are determined to be 
statistically significant (e.g., P>0.05 for PPV. NPV. sensitivity 
and specificity). In some embodiments, these assays provide 
a PPV of at least about 80%, an NPV of at least about 90% 
(e.g., 92.4%), a sensitivity of at least about 65% (e.g., 
66.67%), and a specificity of greater than at least about 90% 
(e.g., 92.41%). In addition, there should also be concordance 
between the results of the assay and clinical determinations 
of for example, at least about 90%. It is preferred that these 
assays accurately diagnose active Tuberculosis disease in at 
least about 80% of cases, preferably greater than about 84% 
of cases, and even more preferably greater than about 90% of 
cases. In some instances, the assays may assays accurately 
diagnose active Tuberculosis disease in at least about 95% or 
all cases. Other variables may also be measured, and statistics 
calculated, that may also be useful in using the methods 
described herein as would be understood by the skilled arti 
Sa. 

Assays systems that may be used in making these determi 
nations may be, for instance, any of those described in the 
Examples or otherwise available to one of ordinary skill in the 
art. Expression of Such cytokines may be determined after 
stimulating PBMCs (e.g., or purified sub-populations 
thereof) with peptides derived from Mtb. For instance, 
PMBCs may be stimulated with antigens ESAT-6 (e.g., Gen 
Bank NC 000962; MTEQQWNFAGIEAAASAIQGN 
VTSIHSLLDEGKQSLTKLAAAWGGSGSEAYQG 
VQQKWDATATELNNALQNLAR 
TISEAGQAMASTEGNVTGMFA (SEQ ID NO.: 1)), CFP 
10 (e.g., GenBank NC 000962: MAEMKTDAAT 
LAQEAGNFERISGDLKTQIDQVESTAGSLQGQW 
RGAAGTAAQA AVVRFQEAANKQKQELDEIST 
NIROAGVQYSRADEEQQQALSSQMGF (SEQ ID NO.: 
2)), tuberculin purified-Protein-Derivative (PPDRT23) (Stat 
ens Serum Institute, Denmark), and/or derivatives thereof. 
Peptide pools derived from Such antigens may also be used to 
stimulate the cells. For instance, a collection of 9-20 amino 
acid peptides being adjacent to one another on the parent 
antigen, or overlapping one another, Such at least about all of 
the amino acid sequences of the parent antigen are repre 
sented, may be used to stimulate the cells. In certain embodi 
ments, overlapping 15 amino acid peptides (e.g., "15-mers') 
may be generated. In some embodiments, the amino acid 
sequences of Such 15-mers may overlap by 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, or 14 amino acids and may represent some 
or all of the amino acid sequences present in the parent anti 
gen. In certain embodiments, the 15-mers overlap one another 
by 11 amino acid sequences in series Such that together the 
collection represents part of or the entire parental antigen 
sequence. For instance, a set of 15-mers derived from ESAT-6 
and/or CFP-10 that overlap each other by 11 amino acids 
where at least part, and optionally all, of SEQ ID NOS.: 1 
and/or 2 are represented may be used. The peptides may be 
placed into culture with PBMCs for a sufficient period of time 
(e.g., eight hours) prior to further analysis. Positive control 
assays may include, for example, Staphylococcal enterotoxin 
B. Other peptides may also be used as would be understood by 
the skilled artisan. 

The methods described herein may also be used to monitor 
and/or guide therapy. For instance, individuals diagnosed as 
having active TB disease are typically treated with antibiotics 
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10 
including, for example, isoniazid, rifmpicin (e.g., rifampin), 
pyrazinamide, ethambutol, and streptomycin. Typically, 
combinations of Such antibiotics are used. A standard antibi 
otic therapy for treating active TB disease consists of admin 
istration of isoniazid, rifmpicin (e.g., rifampin), pyraZina 
mide, and ethambutol for two months, then isoniazid and 
rifampicin alone for a further four months. The individual is 
typically considered cured at six months, although relapse 
rate of 2 to 3% has been observed. In some instances, treat 
ment with such antibiotics is not completely effective. Addi 
tional drugs that may be used include, for example, aminogly 
cosides (e.g., amikacin (AMK), kanamycin (KM)), 
polypeptides (e.g., capreomycin, viomycin, enviomycin), 
fluoroquinolones (e.g., ciprofloxacin (CIP), levofloxacin, 
moxifloxacin (MXF)), thioamides (e.g., ethionamide, pro 
thionamide), cycloserine, and/or p-aminosalicylic acid (PAS 
or P), rifabutin, macrollides (e.g., clarithromycin (CLR)), lin 
eZolid (LZD), thioacetazone (T), thioridazine, arginine, Vita 
min D, and/or R207910 (also known as TMC207). For treat 
ment of latent Mtb infection, the standard treatment is six to 
nine months ofisoniazid alone. Other treatment regimens that 
have been used to treat latent infection include, for example, 
rifampin for four months, daily administration of isoniazid 
and rifampin for three months, or administration of rifampin 
and pyrazinamide for two months (not typically used). Other 
treatment regimens may also be in use or developed in the 
future, as would be understood by the skilled artisan. 
The treatment of active TB disease and/or latent Mtb infec 

tion may be monitored using the methods described herein. 
Depending on the results, the treatment regimen may be con 
tinued or changed as required. For example, it may be ben 
eficial to determine the relative percentage of CD4 T cells 
that express TNF-C. without substantially co-expressing 
IFN-Y and/or IL-2 relative to total number of CD4" T cells in 
an individual being treated for active TB disease or latent Mtb 
infection. Where the relative percentage of CD4 T cells 
expressing TNF-C. without substantially co-expressing IFN-y 
and/or IL-2 is greater than about 35% (e.g., 37.4%, 38.8%), it 
may be concluded that the individual is experiencing active 
TB disease and that the current treatment regimen may need 
to be continued and/or modified. Where the relative percent 
age of CD4 T cells expressing TNF-C. without substantially 
co-expressing IFN-Y and/or IL-2 is less than about 35% (e.g., 
37.4%, 38.8%), it may be concluded that the individual is 
experiencing latent Mtb infection and that the current treat 
ment regimen is effective and may not need to be continued 
and/or modified. In some instances, treatment of a patient 
may be monitored over a period of time (e.g., after one, two, 
three, or four weeks, or one, two three, four, five six months, 
or more following the initiation of the antibiotic therapy). 
During that time period, the relative percentage of CD4 T 
cells expressing TNF-C. without Substantially co-expressing 
IFN-Y and/or IL-2 may change indicating that the disease 
status of the individual has changed. In Such instances, the 
treatment regimen may also need to be changed. For example, 
an increase in the relative percentage of CD4 T cells express 
ing TNF-C. without substantially co-expressing IFN-Y and/or 
IL-2 at the six month time point as compared to the four-week 
time point may indicate a shift from latent Mtb infection to 
active TB disease, thus requiring a change in the treatment 
regimen (e.g., from no treatment to a combination of iso 
niazid, rifmpicin (e.g., rifampin), pyrazinamide, and etham 
butol for two months, and/or isoniazid and rifampicin alone 
for a further four months). Similarly, the methods relating to 
the measurement of IL-17 may be alternatively, or also, uti 
lized to make Such determinations. For example, if is deter 
mined that the number of IL-17 producing cells has decreased 
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in an individual (e.g., as determined using the IL-17 related 
assays described herein) during treatment, it may indicate the 
individual is beginning to experience active TB disease. Con 
versely, if the number of IL-17 producing cells increases in an 
individual (e.g., as determined using the IL-17 assays 
described herein) during treatment, it may indicate the indi 
vidual is beginning to experience latent Mtb infection. As 
mentioned above, the results of TNF-related and IL-17-re 
lated assays may be combined to design an appropriate treat 
ment regimen for a particular individual. The TNF-related 
and IL-17-related assays per se may be also combined Such 
that the expression of multiple cytokines may be measured 
essentially simultaneously. Thus, the methods described 
herein may be used to monitor and/or guide treatment of TB 
disease (e.g., active TB disease) and/or latent Mtb infection. 
Other embodiments of such methods may also be suitable as 
would be understood by the skilled artisan. 

Also provided herein are kits for detecting the cytokines 
and/or cell Surface (or other) markers in an individual. As 
described above, various types of detection systems may be 
utilized to detect the cytokines and/or cell surface (or other) 
markers in order to diagnose, exclude, and/or distinguish 
between active TB disease and latent Mtb infection (e.g., 
ELISpot assays, ELISA, multiplex assays (e.g., arrays, 
LumineX platform), radioimmunoassay, bioassay, micro 
spheres, intracellular detection (e.g., permeabilization and 
detection using antibodies), detection of RNA (e.g., messen 
ger RNA (mRNA), using microarrays, polymerase chain 
reaction, northern blot, and/or similar techniques), flow 
cytometry, and the like). Kits for detecting TNF-C, IFN-y, 
IL-2, and/or IL-17, for example, may include the reagents 
required to carry out an assay using one or more of the formats 
available to one of skill in the art, optionally a control reaction 
(e.g., a known positive or negative reaction (e.g., Supernatant 
known to contain a certain amount of one or more cytokines, 
cells known to intracellularly express one or more cytokines, 
and/or either of these known to lack an amount of one more 
cytokines), and instructions for using the same (e.g., regard 
ing set-up, interpretation of results). The kit may also include 
reagents used to isolate (e.g., for ficoll-histopaque separa 
tion), Stimulate (e.g., control antigens, Mtb antigens, phorbol 
myristate), and/or detect (e.g., optionally labeled antibodies, 
optionally labeled oligonucleotides, one or more reagents to 
detect an antibody and/or oligonucleotide) mononuclear 
cells. The label is typically a detectable label, for example a 
fluorescent or chromogenic label or a binding moiety Such as 
biotin. The reagents may be free in Solution or may be immo 
bilized on a solid Support, Such as a magnetic bead, tube, 
microplate well, or chip. The kit may further comprise detec 
tion reagents such as a Substrate, for example a chromogenic, 
fluorescent or chemiluminescent substrate, which reacts with 
the label, or with molecules, such as enzyme conjugates, 
which bind to the label, to produce a signal, and/or reagents 
for immunoprecipitation (i.e., protein A or protein G 
reagents). The detection reagents may further comprise 
buffer Solutions, wash solutions, and other useful reagents. 
The reagents may be provided in one or more Suitable con 
tainers (e.g., a vial) in which the contents are protected from 
the external environment. The kit may also comprise one or 
both of an apparatus for handling and/or storing the sample 
obtained from the individual and an apparatus for obtaining 
the sample from the individual (i.e., a needle, lancet, and 
collection tube or vessel). Where the assay is to be combined 
with another type of assay Such as PCR, the required reagents 
for each of Such assays (i.e., primers, buffers and the like) 
along with, optionally, instructions for the use thereof, may 
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also be included. Other types of kits may also be provided, as 
would be understood by one of ordinary skill in the art. 

Throughout this disclosure, exemplification and/or defini 
tion of specific terms should be considered non-limiting. For 
example, the singular forms “a”, “an and “the include the 
plural unless the context clearly dictates otherwise. Approxi 
mating language, as used herein throughout the specification 
and claims, may be applied to modify any quantitative repre 
sentation that could permissibly vary without resulting in a 
change in the basic function to which it is related. Accord 
ingly, a value modified by a term such as “about is not to be 
limited to the precise value specified. Where necessary, 
ranges have been Supplied, and those ranges are inclusive of 
all Sub-ranges there between. The use of the singular may 
include the plural unless specifically stated otherwise or 
unless, as will be understood by one of skill in the art in light 
of the present disclosure, the singular is the only functional 
embodiment. Thus, for example, “a” may mean more than 
one, and "one embodiment may mean that the description 
applies to multiple embodiments. The phrase “and/or 
denotes a shorthand way of indicating that the specific com 
bination is contemplated in combination and, separately, in 
the alternative. 

It will be appreciated that there is an implied “about prior 
to the temperatures, concentrations, times, etc. discussed in 
the present teachings, such that slight and insubstantial devia 
tions are within the scope of the present teachings herein. 
Also, the use of “comprise”, “comprises”, “comprising”. 
“contain”, “contains”, “containing”, “include”, “includes”, 
and “including are not intended to be limiting. It is to be 
understood that both the foregoing general description and 
detailed description are exemplary and explanatory only and 
are not restrictive of the invention. 

Unless specifically noted in the above specification, 
embodiments in the above specification that recite "compris 
ing various components may also be contemplated as “con 
sisting of or "consisting essentially of the recited compo 
nents; embodiments in the specification that recite 
“consisting of various components may also be contem 
plated as "comprising or "consisting essentially of the 
recited components; and embodiments in the specification 
that recite "consisting essentially of various components 
may also be contemplated as "consisting of or "comprising 
the recited components. 

All references cited within this disclosure are hereby incor 
porated by reference in their entirety. While certain embodi 
ments have been described in terms of the preferred embodi 
ments, it is understood that variations and modifications will 
occur to those skilled in the art. Therefore, it is intended that 
the appended claims cover all Such equivalent variations that 
come within the scope of the following claims. 

EXAMPLES 

Example 1 

TNF Assays 

A. Methods 
Patients. 
Participants (n=283) from the test cohort were all recruited 

at the Centre Hospitalier Universitaire Vaudois (CHUV), 
Lausanne, Switzerland. These samples were selected based 
on positive Mtb-specific IFN-Y ELISpot responses routinely 
performed in the context of the diagnosis for Mtb infection in 
CHUV. Patients with active TB disease had a diagnosis based 
on laboratory isolation of Mtb on mycobacterial culture from 
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sputum, broncho alveolar lavage fluid or biopsies and/or TST 
and/or PCR (see FIG. 5 for full clinical description of each 
patient). The final diagnosis was given by a clinician after 
validation of these criteria associated with clinical symptoms. 
The selection of subjects tested by flow cytometry was based 
on the availability of cryopreserved material. In addition, 
samples with low (i.e. <70%) cell recovery and viability upon 
thawing were discarded from the analyses, in concordance 
with the current guidelines in the field of intracellular flow 
cytometric analyses. Furthermore none of these patients was 
under anti-mycobacterium treatment at the time of the present 
analyses (FIG. 5). Participants of the validation cohort 
(n=114) were obtained from two clinical sites (FIG. 10); 
patients from Switzerland were all recruited from the CHUV 
and patients from South Africa were recruited from clinics in 
the public health sector in Cape Town and Worcester, and 
patients with latent infection from the SATVI (South African 
Tuberculosis Vaccine Initiative) clinical trials field site in 
Worcester. Inclusion criteria included: positive Mtb-specific 
IFN-Y ELISpot responses, between 18 and 80 years old, body 
weighte50 kg, hemoglobins 100 g/L, leukocyte countaiš.0 
G/L, platelet counta75G/L, and were HIV antibody negative 
based on a routine rapid HIV test. Patients with active TB had 
a diagnosis based on laboratory isolation of Mtb on myco 
bacterial culture from sputum, broncho alveolar lavage fluid 
or biopsies and/or TST and/or PCR (see FIG. 11 for full 
clinical description of each patient). The final diagnosis was 
given by a clinician after validation of these criteria associ 
ated with clinical symptoms such as cough or weight loss. 
Furthermore none of these patients was under anti-mycobac 
terium treatment at the time of the present analyses. All par 
ticipants gave written informed consent. 

Peptides. 
Stimulations were performed using Mtb-derived peptide 

pools covering ESAT-6 and CFP-10. CFP-10 and ESAT-6 
peptides pools are composed of 15-mers overlapping by 11 
amino-acids and all peptides were HPLC purified (>80% 
purity). Tuberculin Purified-Protein-Derivative (PPD RT 23) 
was purchased from Statens Serum Institute, Denmark. 

IFN-Y ELISpot Assays. 
ELISpot assays were performed as per the manufacturers 

instructions (Becton Dickinson, San Diego, Calif. (BD)). 
Briefly, cryo-preserved blood mononuclear cells were rested 
for 8 hours at 37° C. and then 200'000 cells were stimulated 
with peptide pools (1 lug of each single peptide) in 100 ul of 
complete media (RPMI-I-10% FBS) in quadruplicate condi 
tions as described previously. Media only was used as nega 
tive control. Staphylococcal enterotoxin B (SEB; 200 ng/ml) 
was used as positive control on 50'000 cells. Results are 
expressed as the mean number of spot forming units (SFU) 
per 10 cells from quadruplicate assays. Only cell samples 
with >80% viability after thawing were analyzed and only 
assays with <50 SFU/10 cells for the negative control and 
>500 SFU/10 cells following SEB stimulation were consid 
ered as valid. An ELISpot result was defined as positive if the 
number of SFUs was >55 SFU/10 cells and >4-fold the 
negative control. 

Flow Cytometry Analysis. 
For intracellular cytokine staining (ICS), cryo-preserved 

blood mononuclear cells (1-2x10) were rested overnight 
and then stimulated for 6 hours in 1 ml of complete media 
containing Golgiplug (1 ul/ml, BD) and CCD28 antibodies 
(Ab) (0.5ug/ml, BD) as described previously. For stimulation 
of blood mononuclear cells, peptide pools were used at 1 
ug/ml for each peptide. SEB stimulation (200 ng/ml) served 
as positive control. At the end of the stimulation period, cells 
were stained for dead cells (LIVE/DEAD kit, Invitrogen), 
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permeabilized (Cytofix/Cytoperm, BD) and then stained with 
CD3, CD4, CD8, IFN-y, TNF-C. and IL-2 antibodies. All 
antibodies but CD3 (Invitrogen), and CD4 and CD19 (VWR 
International) were purchased from BD. Cells were then 
fixed, acquired on an LSRII SORP (4-lasers) and analyzed 
using FlowJo 8.8.2 and SPICE 4.2.3 (developed by Mario 
Roederer, Vaccine Research Center, NIAID, NIH) as previ 
ously described. The number of lymphocyte-gated events 
ranged between 10 and 10 in the flow cytometry experi 
ments shown. 

Statistical Analyses. 
Comparisons of categorical variables were made using 

Fisher's exact test. Statistical significance (P values) of the 
magnitude of ELISpot responses was calculated by unpaired 
two-tailed student t test using GraphPad Prism 5. Bonferroni 
correction for multiples analyses was applied. The selection 
of the optimal(s) parameter(s) to discriminate between cases 
of latent infection from cases of active disease was performed 
using a logistic regression analysis followed by a Receiver 
Operating Characteristic (ROC) curve analysis to evaluate the 
diagnostic performance of each parameter. Results for the 
optimal parameter (i.e. single TNF-C.) are Summarized as a 
contingency table giving sensitivity, specificity, positive and 
negative predictive value (PPV and NPV). Analyses provided 
include a ROC-curve graph and a sensitivity/specificity graph 
as a function of the probability cutoff. 
B. Flow Cytometric Assay for Differentiation of Active from 
Latent Mtb Infection 

Mtb-specific T-cells from human patients with latent Mtb 
infection or active TB disease were analyzed using polychro 
matic flow cytometry. It was found that single TNF-C. CD4" 
T-cell responses dominated in active disease. This parameter 
was studied in an independent cohort of 101 patients with 
blinded TB diagnosis. The results indicated that the sensitiv 
ity and specificity of the flow-cytometry-based assay were 
67% and 92%, respectively. The concordance between the 
clinical and the cytokines profile in predicting active TB 
disease and latent infection diagnosis was confirmed in >90% 
of cases thus validating the use of the profile of TNF-C. CD4" 
T-cell response in the timely diagnosis of acute TB disease. In 
the present study, an assay system was developed based upon 
the cytokine profiles of pathogen-specific T-cells in patients 
with active TB disease and latent Mtb infection. 
A first cohort of 283 patients with known diagnosis of Mtb 

infection was enrolled in Switzerland and termed test cohort 
(FIG. 5). Patients were selected on the basis of positive IFN-y 
ELISpot responses against either CFP-10 or ESAT-6 or both. 
Among the 283 patients, active TB disease was diagnosed in 
11 patients based on clinical signs (e.g., cough, weight loss, 
lymphadenopathy), sputum stain for AFB and culture and 
PCR for Mtb, and chest radiography (see Methods and FIG. 
6 for the detailed clinical parameters). The remaining 272 
participants were diagnosed with asymptomatic latent Mtb 
infection. The magnitude of Mtb-specific T-cell responses 
was first measured by IFN-Y ELISpot following stimulation 
with CFP-10 or ESAT-6 peptide pools. In agreement with 
previous studies, Mtb-specific T-cell responses were similar 
in subjects with latent infection (n=272) and active disease 
(n=11) (FIG. 1A). 
The functional profile of Mtb-specific T-cell responses was 

then assessed using polychromatic flow cytometry. The panel 
of antigens included a viability marker (CD3); CD4 and CD8 
to determine T-cell lineage; and, IL-2, TNF-C. and IFN-y 
antibodies to comprehensively assess the cytokine functional 
profile. On the basis of blood specimen availability or quality 
(see flowchart in Suppl. Data 1), this analysis was performed 
in 48 patients with latent infection and 8 patients with active 
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disease (i.e. PtiA1-A8 from Suppl. Data2). Within the group 
with latent infection, five were investigated for suspected TB 
disease, but had negative sputum AFB stain, culture and PCR 
for Mtb. Twenty-three were health-care workers routinely 
screened for Mtb infection as part of routine surveillance at 
the Centre Hospitalier Universitaire Vaudois (CHUV) (FIG. 
5). Twenty were investigated for Mtb infection prior to the 
initiation of anti-TNF-C. antibody treatment and had negative 
chest radiographs (FIG. 5). In agreement with previous stud 
ies, Mtb-specific CD4 T-cell responses in participant #L5 
with latent Mtb infection were mostly (>70%) polyfunctional 
(FIG. 1B), i.e., co-producing IFN-Y, IL-2 and TNF-C. In 
contrast, patient it A2 with active TB disease (FIG. 1B) 
showed a dominant single TNF-C. response (>70% of CD4 
T-cells). In these two participants the functional profile of 
Mtb-specific CD4 T-cells was similar regardless of the 
stimuli, e.g., ESAT-6 or CFP-10 peptide pools or Tuberculin 
Purified-Protein-Derivative (PPD, which is a pool of Mtb 
derived proteins). Of note, Mtb-specific T-cell responses 
(analyzed by either IFN-Y ELISpot or flow cytometry) from 
the 20 patients recruited prior to the initiation of anti-TNF-C. 
antibody treatment were not different from the remaining 28 
patients with latent infection (FIG. 7). The striking difference 
between the functional profile of Mtb-specific CD4 T-cell 
responses in latent infection versus active disease was con 
firmed in all 56 patients (e.g., 48 with latent infection and 8 
with active disease), in a total of 142 Mtb-specific CD4 T-cell 
responses (all P-0.0001) (FIG. 1C). Among the 56 patients, 
most (60-75%) responded to both ESAT-6 and CFP-10 (FIG. 
1D). However, 25% of patients with active disease and 40% 
of patients with latent Mtb infection only responded to one 
peptide pool. Responses to one peptide pool were mostly 
against CFP-10 (40% versus 2% ESAT-6) in latent infection 
whereas were equally distributed between the two peptide 
pools in active TB disease (FIG. 1D). Furthermore, most 
patients (>90%) also responded to PPD. Of the 142 
responses, 21 were detected in patients with active disease 
and 121 in patients with latent infection (FIG. 1C). Of note, 
the differences in the profile of cytokines between active 
disease and latent infection were confirmed when the data 
were expressed as absolute frequency of cytokine-producing 
CD4 T-cells (Suppl. Data 4). The frequency of single TNF 
C-producing CD4 T-cells was higher in patients with active 
disease (FIG. 8). These analyses demonstrated that the func 
tional profile, i.e., a polyfunctional or dominant single TNF-C. 
Mtb-specific CD4 T-cell response, was associated with dif 
ferent degrees of disease activity thus suggesting that it might 
be instrumental as a diagnostic tool. 

The parameter (e.g., functional Subset) that was the stron 
gest predictor measure of discrimination between active dis 
ease and latent infection was then calculated. For these pur 
poses, since CFP-10 was more frequently recognized than 
ESAT-6 (FIG. 1D), the analysis was focused on CFP-10 
specific CD4 T-cell responses and included ESAT-6-specific 
CD4 T-cell responses only when CFP-10 responses were 
negative. The latter scenario was only observed in one patient 
with active disease and one patient with latent infection (FIG. 
1D). 
On the basis of the logistic regression analysis of the mul 

tiple functionally distinct T-cell subsets, the proportion of 
single TNF-C. Mtb-specific CD4 T-cells was found to be the 
strongest predictor measure of discrimination between active 
disease and latent infection (AUC=0.995 95% confidence 
interval: 0.984-1; Odds-Ratio=1.35: Suppl. Data 5). In addi 
tion, a cutoff of 37.4% of single TNF-C-producing CD4 
T-cells was calculated as the value allowing the best (sensi 
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tivity of 100% and specificity of 96%) separation between 
latent infection and active disease (FIG. 9). 
A limitation of these results was that the laboratory inves 

tigators were not blinded to the diagnosis of latent infection or 
clinical disease. PBMC were then examined from a second— 
totally independent—cohort termed validation cohort, 
whose clinical status was blinded to the investigators. 
Whether the proportion of single TNF-C. Mtb-specific CD4 
T-cells, and particularly the cutoff at 37.4%, could discrimi 
nate between latent infection and active disease was assessed. 
One hundred and fourteen participants from both Switzer 

land (n=72) and Republic of South Africa (RSA, n=42) were 
enrolled between 2009 and 2010 in order to confirm the 
functional profile also in persons from a setting with a high 
TB burden (FIG. 10). Patients from RSA were enrolled from 
clinics in the public health sector in Cape Town and Worces 
ter, both in the Western Cape province of RSA. Patients from 
Switzerland included in the validation were enrolled at 
CHUV and were not included in the test cohort described 
above. Patients were selected on the basis of the following 
criteria: positive Mtb-specific IFN-Y ELISpot responses, 
absence of Mtb-specific treatment, HIV-seronegative and 
good general health status (see Methods and FIG. 10 for full 
description). Active TB disease diagnosis in patients from 
both Switzerland and RSA was based on clinical signs (e.g., 
cough, weight loss, lymphadenopathy), sputum stain for AFB 
and culture and PCR for Mtb, and chest radiography (see 
Methods and Suppl. Data 7 for the detailed clinical param 
eters). Of note, flow cytometry analyses were performed on 
the 101 patients from the validation cohort with positive 
Mtb-specific CD4 T-cell responses (FIG. 10). 

IFN-y ELISpot and CD4 T-cell specific cytokine expres 
sion in response to CFP-10 and/or ESAT-6 were evaluated 
and data were provided to the biostatistics facility of the 
CHUV. Later, unblinding of the Mtb clinical status allowed us 
to confirm that IFN-y ELISpot responses were not signifi 
cantly different between latent infection and active disease 
(FIG. 2A). Of note, the magnitude of Mtb-specific IFN-y 
ELISpot responses from patients recruited in Switzerland and 
RSA were not different (FIG. 2B). In addition, the distribu 
tion of CFP-10- and/or ESAT-6-specific CD4 T-cell 
responses among patients with latent Mtb infection or active 
TB disease was similar between patients from Switzerland 
and RSA (FIG. 2C). 

With regard to the polychromatic flow cytometric cytokine 
profile, 15 participants had dominant single TNF-C. Mtb 
specific CD4 T-cell response, i.e. >37.4%, considered predic 
tive of active disease in the test cohort (FIG. 9). Following 
unblinding, active disease had been confirmed in 12 of these 
15 participants (FIG. 3A). Along the same line, 79 partici 
pants had polyfunctional Mtb-specific CD4 T-cells, including 
a single TNF-C. proportion of <37.4%, considered predictive 
of latent infection in the test cohort (FIG. 9). Following 
unblinding, 73 out of these 79 participants had latent infection 
(FIG. 3A). The distribution of patients from Switzerland and 
RSA is also shown in FIG. 3B. Of note, among the 94 afore 
mentioned Subjects (e.g., 15 with a profile of active disease 
and 79 with a profile of latent infection), CFP-10- and ESAT 
6-specific CD4 T-cell responses, when both positive, were 
concordant (e.g., both either above or below the cut-off of 
37.4% of single TNF-C.). In these 94 concordant cases the 
data of CFP-10-specific CD4 T-cell response were consid 
ered for the analyses and ESAT-6-specific CD4 T-cell 
response were only included when CFP-10 responses were 
negative (FIG.3A). Seven out of 101 (e.g., 6.9%) participants 
studied showed discordant CD4 T-cell responses to ESAT-6 
and CFP-10 peptide pools (e.g., one response >37.4% and the 
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other response <37.4%) and were therefore excluded from the 
analysis (FIG. 12). Of note, the performance of the test on the 
cohorts from Switzerland and RSA were not significantly 
different (P>0.05 for Positive Predictive Value (PPV), Nega 
tive Predictive Value (NPV), sensitivity and specificity), thus 
providing evidence that the combined analysis of Swiss and 
RSA cohorts is valid. On the basis of the analysis on the 
combined cohorts, the global performance of the assay was: 
PPV=80%; NPV=92.4%; Sensitivity=66.67% and Specific 
ity=92.41% (FIG. 13). Overall, the concordance between the 
clinical and the cytokines profile in predicting diagnosis was 
confirmed in 90% of cases. Of note, when patients with dis 
cordant ESAT-6 and CFP-10 responses were also included in 
the analysis, the accurate diagnosis was determined in 84% of 
Subjects. 
The percentage of Mtb-specific single TNF-C. producing 

CD4 T-cells was studied to determine if it was the parameter 
with the strongest predictive value of the clinical status in the 
validation cohort. On the basis of the logistic regression 
analysis of the multiple functionally distinct T-cell subsets, 
the proportion of single TNF-C. Mtb-specific CD4 T-cells 
indeed resulted to be the strongest predictor measure of dis 
crimination between active disease and latent infection 
(AUC=0.825 (95% confidence interval: 0.683-0.968); Odds 
Ratio=1.10: FIG. 13). In addition, a cutoff of 38.8% (as 
compared to 37.4% obtained in the test cohort) of single 
TNF-C-producing CD4 T-cells was calculated as the value 
allowing the best separation between latent infection and 
active disease (FIG. 13). 
Of interest, we also had the opportunity to investigate five 

participants during untreated active TB disease and then post 
TB treatment (FIG. 4). In agreement with the above data, the 
percentage of single TNF-C-producing CD4 T-cells was 
>37.4% in patients with active TB disease. A shift to a poly 
functional profile (single TNF-C. producing CD4 
T-cells<37.4%) of Mtb-specific CD4" T-cell response was 
observed following therapy and transition to latent infection 
in all the 5 participants (FIG. 4). 
The association between different functional profiles of 

T-cell responses and disease activity is consistent with the 
current paradigm in antiviral immunity where virus-specific 
T-cell responses endowed with only effector functions such as 
IFN-Y and/or TNF-C. production were found in patients with 
active virus replication and active disease. In contrast, poly 
functional responses, i.e., comprising cells producing IL-2 in 
addition to effector/inflammatory cytokines, were present in 
patients with controlled virus replication and no signs of 
clinical disease. 
The fundamental role of TNF-C., in the control of Mtb 

infection in both humans and mice is well established and this 
is also supported by the increased risk of Mtbreactivation in 
rheumatoid arthritis participants receiving anti-TNF-C. 
therapy. However, the dominant single TNF-C. CD4 T-cell 
response observed during active TB disease may rather reflect 
the elevated degree of inflammation associated with active 
TB disease and therefore may be a marker of excessive 
inflammation and not of protection. 
A recent study has shown that a neutrophil-driven inter 

feron-inducible gene profile correlated with active TB disease 
and it was also found in about 10% of people with latent 
infection. Since about 10% of patients with latent infection go 
on to develop the active disease it was suggested that the 
biomarker may be useful in both prognosis and diagnosis. 
There was no evidence in this study of a T cell-driven TNF 
C-inducible gene profile correlated with active TB disease. 
However, the transcriptional profile was assessed on total 
unstimulated blood cell populations. It was therefore not suit 
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able for evaluating the transcriptional profile in T-cell popu 
lations that needs to be performed on stimulated T-cells. 

These results indicate that analysis of cytokines profiles in 
Mtb-specific CD4 T-cells by polychromatic flow cytometry 
is a strong immunological measure discriminating between 
active and latent Mtb infection. Therefore, polychromatic 
flow cytometry is a novel and reliable laboratory tool for the 
timely diagnosis of active Mtb infection. 

Example 2 

IL-17 Assays 

A. Material and Methods 
Study Groups. 
Thirty healthy volunteers were recruited in this study. 

Blood samples were obtained at the local blood bank (Lau 
sanne, Switzerland). In addition, 5 subjects with normal 
colonoscopic findings that underwent routine colonoscopic 
investigations were recruited and provided gut biopsies as 
well as peripheral blood. In addition, 28 subjects with latent 
Mtb infection and 10 patients with active TB disease were 
also recruited. Furthermore, 5 patients with active TB disease 
also provided BAL specimens. Inclusion criteria were based 
as described above. Briefly, all subjects were selected based 
on positive Mtb-specific IFN-y ELISpot responses against 
peptide pools encompassing ESAT-6 (early secreted anti 
genic target-6 kDa) and/or CFP-10 (culture filtrate protein-10 
kDa), allowing discrimination between infection and vacci 
nation. Subjects with latent Mtb infection (LTBI) were either 
health-care workers routinely screened or were investigated 
for Mtb infection prior to the initiation of anti-TNF-C. anti 
body treatment and had negative chest radiographs. Patients 
with active TB disease had a diagnosis based on laboratory 
isolation of Mtb on mycobacterial culture from sputum, bron 
cho alveolar lavage fluid or biopsies and/or TST and/or PCR 
and final diagnosis was given by a clinician after validation of 
these criteria associated with clinical symptoms. Furthermore 
none of these patients was under anti-mycobacterium treat 
ment at the time of the present analyses. These studies were 
approved by the Institutional Review Board of the Centre 
Hospitalier Universitaire Vaudois and informed written con 
sent was obtained from each volunteer. 

Antigen Preparation. 
S. aureus, S. pneumoniae, Paeruginosa, K. Pneumonia, S. 

typhi and E. coli were grown in tryptic soy broth (TSB, BD 
Biosciences) at 37°C., washed and heat-inactivated by incu 
bation for 2 hat 56°C. C. albicans yeasts were cultured at 30° 
C. in yeast extract peptone dextrose (YEPD) for 5 h. To 
promote hyphae formation, C. albicans were cultured for an 
additional 5 h in RPMI (Invitrogen) containing 10% FCS 
(Invitrogen), and hyphal formation was monitored by micros 
copy. C. alicans yeast and hyphae were heat-inactivated by 
incubation for 2 h at 56°C. Following inactivation, antigens 
were lyophilized and re-suspended at 10 mg/ml in 0.9% 
NaCl. Mtb-derived CFP-10 and ESAT-6 peptides pools are 
composed of 15-mers overlapping by 11 amino-acids encom 
passing the entire sequences of the proteins and all peptides 
were HPLC purified (>80% purity). 

Mononuclear Cells Isolation. 
Mononuclear cells were isolated either from peripheral 

blood using ficoll-histopaque separation, or following colla 
genase digestion of gut biopsies, or from BAL. Briefly, mono 
nuclear cells were isolated from gut biopsies collected in the 
rectum of Subjects with normal colonoscopic findings that 
underwent routine colonoscopic investigations. 
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Colonoscopies were performed under conscious sedation 
with midazolam and pethidine in moderate doses with a Pen 
tax colonoscope type EC 3890 Fi (Pentax, Japan). Tissue 
samples (N=5) were collected with Radial Jaw 4 forceps 
(Boston Scientific Corporate Natick, Mass., USA). Mono- 5 
nuclear cells were isolated following type II-S collagenase 
digestion (Sigma; 0.5 mg/ml, 37°C.; 90 minutes) in complete 
RPMI (10% fetal calf serum, 100 g penicillin, 100 unit/ml 
streptomycin). BAL were performed in patients with active 
TB disease (N=5) as previously described. Briefly, broncho- 10 
alveolar fluids were centrifuged (10 min, 300 g) and resus 
pended in complete RPMI. 

Assessment of Ex Vivo CD4 T-Cell Responses. 
Mononuclear cells (10° cells) isolated from peripheral 

blood were stimulated overnight in 1 ml of complete RPMI 15 
containing Golgiplug (BD BioSciences; 1 ug/ml) as 
described. PBMCs isolated from healthy subjects were 
stimulated with 10 ug/ml of heat-inactivated C. albicans 
yeast or hyphae, or 5x107 CFU/ml of bacteria, while mono 
nuclear cells isolated from both peripheral blood and BAL 
from LTBI or TB patients were stimulated with ESAT-6 and/ 
or CFP-10 peptide pools (1 ms/ml). Mononuclear cells iso 
lated from gut biopsies were stimulated with a pool of bacte 
ria-derived antigens (S. aureus, S. pneumonia, Paeruginosa, 
K. pmeunomiae, S. typhi, E. coli, 5x10 CFU/ml). As positive 
control, cells were stimulated with Staphylococcus entero 
toxin B (SEB; 100 ng/ml; Sigma). 

Assessment of In Vitro Expansion of CD4 T-Cell 
Responses. 

Mononuclear cells were re-suspended at 10/ml in PBS 
and incubated for 7 min at 37°C. with 0.25 uM 5,6-carboxy 
fluorescein succinimidyl ester (CFSE, Invitrogen) as previ 
ously described. The reaction was quenched with one volume 
of FCS. Subsequently, cells were washed, cultured in 4% 
human AB serum (Institut de Biotechnologies Jacques Boy) 
RPMI, and as described above. After five days of in vitro 
T-cell expansion, cells were washed and replated in complete 
medium for 18h of rest. Cells were then re-stimulated for 6h 
with phorbol myristate acetate (PMA; Sigma; 100 ng/ml) and 
ionomycin (Sigma; 1 ug/ml) in the presence of Golgiplug (1 
g/ml). 
Assessment of CXCR3 and CCR6 Expression on Antigen 

Specific CD4 T Cells Using Membrane-Bound TNF-C. 
Blood Mononuclear cells (10° cells/ml) were stimulated (6 

hours) or not with heat-inactivated C. albicans yeast (10 
ug/ml) or ESAT-6 or CFP-10 peptide pools (1 lug/ml) in 
complete RPMI containing TAP1-0 (10 uM; Calbiochem) 
and PE-CY7-conjugated anti-TNF-C. as described. At the end 
of the incubation period, cells were stained with antibodies 
directed to CD3, CD4, CCR6 and CXCR3 and percentage of 
CXCR3 and CCR6 expression on antigen-specific CD4 T 
cells were assessed by flow cytometry. 

Flow Cytometry Analyses. 
To assess antigen-specific CD4 T-cell responses, the fol 

lowing Abs were used: CD4-APC-H7 (clone SK3); CD8 
PerCP-Cy5.5 (SKI): CD3-ECD (UCHT1); IFN-y-AF700 
(B27); IL-2-PE (MQ1-17H12); TNF-o-PECY7 (Mab11), 
IL-17A-AF-647 (eBio64DEC17), CXCR3-APC (TG1/ 
CXCR3) and CCR6-PE (11A2). All Abs were purchased 
from BD Biosciences except IL-17A (eBioscience), CD3 
ECD (Beckman Coulter)and CXCR3-APC(Biolegend). Fur 
thermore, dead cells were excluded using the violet LIVE/ 
DEAD stain kit (Invitrogen). At the end of the stimulation 
period, cells were washed, permeabilized (cytofix/cytoperm 
solution; BD Biosciences) and stained as previously 
described 30. Data were acquired on an LSRII three-laser 
(488, 633 and 405 nm) and analyzed using FlowJo version 
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8.8.6 (Tree Star inc.). Analysis and presentation of distribu 
tions was performed using SPICE version 5.1, downloaded 
from: http://exon.niaid.nih.gov/spice. The number of CD4 
gated events was above 2x10 in the flow cytometry experi 
ments shown. Concerning the assessment ex vivo CD4 T-cell 
responses, an individual was considered as a positive 
responder for a particular antigen, when as least one cytokine 
was positive. For blood analyses, the positivity of each cytok 
ine was determined as follows: the cytokine frequency 
obtained in the sample must exceed the threshold (set as the 
mean of the controls for all donors--2 SD (e.g., TNF-C.: 0.032: 
IFN-y: 0.017: IL-2: 0.018; IL-17A: 0.010)) and >3 times the 
value obtained in the corresponding individuals control. For 
tissues analyses, the positivity of each cytokine was deter 
mined as follows: the cytokine frequency obtained in the 
sample must be >3 times the value obtained in the corre 
sponding individual’s control. Concerning, in vitro expanded 
CD4 T-cell responses, the percentage of proliferating CD4T 
cells, i.e. CFSE'" cells was determined in the CD3"CD4" 
T-cell population. The criteria for scoring as positive the 
proliferating cell cultures included: a) percentage of CFSE'" 
cell 1% after subtraction of background (percentage of 
CFSE'” cells in unstimulated cell cultures) and b) stimula 
tion index (SI)>3. The SI is calculated as the ratio between 
stimulated versus unstimulated cell cultures. The positivity of 
each cytokine was determined as follows: the cytokine fre 
quency obtained in the sample must 23 times the value 
obtained in the corresponding individual’s control. 

Statistical Analyses. 
Pvalues were derived from eithery analyses, for compari 

son of positive proportions, or One-way ANOVA (Kruskal 
Wallis test), followed by student t test. When applicable, 
Bonferroni correction for multiples analyses was applied. 
B. Differentiation of Active from Latent Mtb Infection 

In the present study, the presence of IL-17A-producing 
Mtb-specific CD4 T cells has been studied in 10 patients with 
active TB disease and 28 patients with Mtb latent infection. 
Since IL-17A-producing CD4 T-cell responses are com 
monly ascribed to extracellular pathogen-specific CD4 T-cell 
responses, we have systematically compared Mtb- to extra 
cellular pathogen-specific CD4 T-cell responses from 30 
healthy individuals. 
The functional profiles of Mtb-specific and extracellular 

pathogen-specific CD4 T-cell responses were investigated ex 
Vivo by intracellular cytokine staining. In particular, the abil 
ity of pathogen-specific CD4 T cells to produce IL-17A, in 
addition to IFN-y, TNF-C. and IL-2 was assessed. In-depth 
analysis of pathogen-specific CD4 T-cell responses demon 
strated that the global functional profile of T-cell responses 
against the Mtb in LTBI or TB subjects and for extracellular 
pathogens in healthy Subjects were all significantly different 
from each other (P<0.05 (except TB versus E. coli (P>0.05)). 
In particular, Mtb-specific Th17 cells were not detected ex 
vivo in LTBI (n=28) or TB patients (n=7). Consistently with 
our previous study, Mtb-specific CD4 T-cell responses were 
mostly composed of triple TNF-C/IFN-Y/IL-2 or of single 
TNF-C-population in LTBI or TB subjects, respectively (FIG. 
14). In contrast, extracellular pathogen-specific CD4 T-cell 
responses were dominated by single TNF-C-producing cells 
(76% for C. albicans, 73% for S. aureus (Gram-positive bac 
teria) and 57% for E. coli (Gram-negative bacteria)) (FIGS. 
14B and C). However, in contrast to Mtb-specific CD4 T-cell 
responses, Th17 cells were frequently detected in response to 
extracellular pathogens (ranging from 20% to 50%), but rep 
resented a consistent but minor component of the responding 
CD4 T cells. 
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Since preferential accumulation of antigen-specific T cells 
at the site of pathogen-replication/exposure is well estab 
lished, whether Mtb-specific IL-17A-producing CD4 T cells 
in TB patients could be present in lung tissue was investi 
gated. To address this issue, Mtb-specific CD4 T-cell 5 
responses were assessed on cells isolated from peripheral 
blood and from bronchoalveolar fluids. As an internal control, 
extracellular bacteria-specific T-cell responses were also 
assessed on cells isolated from both peripheral blood and 
from gut mucosal biopsies from healthy Subjects. As shown in 10 
the representative flow cytometric profiles, bacteria-specific 
IL-17A-producing CD4 T cells were consistently detected in 
both blood and gut mucosal tissues in healthy individuals 
(FIG. 15A), whereas IL-17A-producing Mtb-specific CD4 
T-cell responses from cells isolated from either peripheral 15 
blood or BAL were not detected (FIG. 15B). Cumulative 
analyses confirmed the lack of Mtb-specific as compared to 
bacteria-specific Th17 responses in the relevant tissue (i.e. 
BAL versus gut mucosa) (P=0.0027: FIG.15C). Consistently, 
the frequencies of bacteria-specific Th17 cells in gut biopsies 20 
was also significantly increased as compared to Mtb-specific 
Th17 cells in BAL (P=0.001; FIG. 15D). These data indicate 
that (ex vivo) Mtb-specific CD4 T cells of TB patients lack 
immediate IL-17A effector functions also in BAL. 

However, Mtb-specific CD4 T cells in LTBI subjects, but 25 
not in TB patients, were found to acquire IL-17A effector 
function (e.g., meaning that “Th17' cells were detectable) 
following antigen-specific in vitro expansion. CFSE-labeled 
PBMCs from LTBI subjects or TB patients were stimulated 
with Mtb-derived antigens for six days. As control, CFSE- 30 
labeled PBMCs from healthy individuals were also stimu 
lated with extracellular pathogens for six days. Cell cultures 
were then re-stimulated with PMA/ionomycin to assess the 
cytokines profile of proliferating CD4 T cells. Following in 
vitro expansion, the proportion of subject with detectable 35 
antigen-specific (i.e. CFSE") IL-17A-producing CD4 T 
cells was significantly increased for C. albicans and Gram 
positive bacteria (P=0.001 and 0.007, respectively) but not for 
Gram-negative bacteria (FIGS. 1A and B). Furthermore, the 
frequency of IL-17A-producing cells among the total 40 
responding CD4 T cells (i.e. CFSE'” cells) also significantly 
increased after in vitro expansion for C. albicans and Gram 
positive bacteria (P=0.0001 and 0.004, respectively) but not 
for Gram-negative bacteria. Interestingly, the proportion of 
subject with detectable Mtb-specific (CFSE.") IL-17A-pro- 45 
ducing CD4 T cells was significantly (P=0.0002) increased in 
LTBI but not in TB patients (FIG. 3A-C). In addition, the 
frequency of Mtb-specific IL-17A-producing CD4 T cells 
among the total Mtb-specific CD4 T-cell responses (i.e. 
CFSE") were also significantly increased after in vitro 50 
T-cell expansion as compared to direct ex vivo assessment in 
LTBI subjects (P=0.0027) but not in TB patients (FIGS. 16A, 
B and D). Of note, the magnitude of Mtb-specific CD4 T-cell 
proliferation (i.e. CFSE'") was not different between LTBI 
and TB patients (data not shown). Therefore, Mtb-specific 55 
Th17 cells were enriched following in vitro T-cell expansion 
in LTBI subject but not in TB patients, with regards to both the 
proportion of responders with detectable Th17 cells (P=0.04. 
FIG. 16C) and the magnitude of IL-17 production (P=0.01, 
FIG. 16D). 60 
The acquisition of IL-17A effector function by Mtb-spe 

cific CD4 T cells in LTBI subjects was found to directly 
correlate with the proportion of Mtb-specific CD4 T cells 
co-expressing CCR6 and CXCR3. Th1 and Th17 cells are 
characterized by the expression of specific chemokine recep- 65 
tors. In this model, Th1 cells express the chemokine receptors 
CXCR3 (and/or CCR5), while Th17 cells express CCR6, 
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either alone or in combination with CCR4. It was therefore 
postulated that the capacity of Mtb-specific CD4 T cells from 
patients with latent Mtb infection to acquire IL-17A effector 
function might be related to the expression of CXCR3 and/or 
CCR6. To address this hypothesis, the expression of CXCR3 
and CCR6 was assessed by flow cytometry directly ex vivo on 
Mtb-specific and C. albicans-specific (internal control) CD4 
T cells on LTBI subjects. In parallel, CFSE-labeled PBMCs 
from LTBI subjects were stimulated with Mtb-derived anti 
gens or C. albicans for six days and then re-stimulated with 
PMA/ionomycinto assess the cytokines profile of proliferat 
ing CD4 T cells as described above. The detection of Mtb 
specific or C. albicans-specific CD4 T cells was based on the 
expression of membrane-bound TNF-C. (mTNF-C.). Of note, 
the percentage of Mtb-specific CD4 T cells assessed by 
mTNF-C directly correlated with the frequencies of TNF-C.- 
producing Mtb-specific CD4 T cells assessed by intracellular 
staining (P=0.02, data not shown). 

Representative flow cytometric profiles as well as cumula 
tive data show that C. albicans-specific CD4 T cells were 
more represented in the CXCR3/CCR6" CD4 T-cell subset 
(P<0.05) whereas Mtb-specific CD4 T cells were more rep 
resented in the CXCR3"/CCR6 CD4 T-cell subset (P<0.05) 
(FIGS. 17A and B). However, the dominant population of 
Mtb-specific CD4 T cells was composed of CXCR3"/CCR6" 
CD4 T-cell subset (FIGS. 17A and B). Interestingly, the 
acquisition of IL-17A effector function by Mtb-specific CD4 
T cells directly correlated with the proportion of Mtb-specific 
CD4 T cells co-expressing CXCR3 and CCR6 (P=0.002) 
(FIG. 17C). Of note, acquisition of IL-17A effector function 
was not related to the magnitude of antigen-specific CD4 
T-cell proliferation (i.e. the percentage CFSE'" CD4 T cells), 
but directly correlated with the level of IL-17A production in 
the supernatants (P<0.0001; data not shown). 

These studies demonstrate the global functional profile of 
T-cell responses against the Mtb in subjects with latent infec 
tion or active disease and for extracellular pathogens in 
healthy subjects were all significantly different from each 
other is demonstrated. In contrast to previous studies per 
formed in mice or in humans, the studies described here 
provide no evidence of an IL-17A immediate effector func 
tion (e.g., ex vivo) in the response to Mtb in subjects with 
latent infection or patients with active TB disease, regardless 
of the T-cell population assessed (CD4 T cells or CD3/ 
CD4-/CD8-; data not shown) and the antigens used (ESAT 
6, CFP-10 or PPD; data not shown). The potential tissular 
accumulation of Mtb-specific Th17 cells at the site of patho 
gen replication (e.g., lung tissue) confirmed the lack of Mtb 
specific immediate IL-17A effector function (e.g., ex vivo) in 
the lung. However, Mtb-specific Th17 cells were detected in 
about half of LTBI subjects following in vitro expansion but 
not in TB patients after exposure of mononuclear cells to Mtb 
antigen. Thus, the control of Mtb infection seems to be asso 
ciated with the ability to acquire IL-17A effector function. 
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1. A method for identifying an individual having active 

Tuberculosis disease, the method comprising isolating mono 
nuclear cells from the individual, incubating the cells with a 
peptide derived from Mycobacterium tuberculosis, and 
assaying the CD4 T-cells for expression of TNFC, IFN-Y, and 
IL-2, wherein the relative percentage of mononuclear CD4 
T-cells producing TNFO, but not producing IFN-y or IL-2 is 
greater than 35%. 

2. The method of claim 1 wherein the relative percentage is 
greater than 37.4%. 

3. The method of claim 2 wherein the relative percentage is 
greater than 38.8%. 

4. The method of claim 1 wherein the relative percentage is 
determined using flow cytometry. 

5. A method for monitoring active Tuberculosis disease 
comprising: 

a) administering to an individual having active Tuberculo 
sis disease with an antibiotic for about 6 months; 

b) isolating mononuclear cells from the individual about 4 
weeks, about 3 months and about 6 months after initia 
tion of therapy; 

c) incubating the cells with a peptide derived from Myco 
bacterium tuberculosis and assaying the relative per 
centage of CD4 T-cells therein producing TNFO, IFN-Y, 
and IL-2; 

d) determining the relative percentage of mononuclear 
CD4 T-cells producing TNFC. and not producing IFN-y 
or IL-2 and, Subsequently, either: 
1) continuing administration of the antibiotic therapy 
where the relative percentage of mononuclear CD4 
T-cells producing TNFC. and not producing IFN-y or 
IL-2 is lower than 35%, or 

2) modifying administration of the antibiotic therapy 
where the relative percentage of mononuclear CD4 
T-cells producing TNFC. and not producing IFN-y or 
IL-2 remains greater than 35% after about 4 weeks, 
about 3 months or about 6 months following the ini 
tiation of the antibiotic therapy. 

6. The method of claim 5 wherein the relative percentage in 
step d1 is lower than 37.4%. 

7. The method of claim 6 wherein the relative percentage in 
step d1 is lower than 38.8%. 

8. The method of claim 5 wherein the relative percentage in 
step d2 is greater than 37.4%. 

9. The method of claim 6 wherein the relative percentage in 
step d2 is greater than 38.8%. 

10. The method of claim 5 wherein the antibiotic therapy 
comprises administering to the individual drug selected from 
the group consisting of isoniazid, rifmpicin pyrazinamide, 
ethambutol, Streptomycin, an aminoglycoside, amikacin, 
kanamycin, a polypeptide, capreomycin, viomycin, envio 
mycin, a fluoroquinolone, ciprofloxacin, levofloxacin, moxi 
floxacin, a thioamide, ethionamide, prothionamide, cyclos 
erine, p-aminosalicylic acid, rifabutin, a macrollide, 
clarithromycin, lineZolid, thioacetaZone, thioridazine, argin 
ine, vitamin D, R207910, and combinations thereof. 

11. The method of claim 5 wherein the antibiotic therapy of 
step d1 is selected from the group consisting of isoniazid 
alone, rifampin for four months, daily administration of iso 
niazid and rifampin for three months, and administration of 
rifampin and pyrazinamide for two months. 

12. The method of claim 5 wherein the antibiotic therapy of 
step d2 is selected from the group consisting of isoniazid, 
rifmpicin, pyrazinamide, and ethambutol; and isoniazid and 
rifampicin alone. 

13. The method of claim 5 wherein the relative percentage 
is determined using flow cytometry. 
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14. The method of claim 5 further comprising repeating b). 
c), and d). 

15. The method of claim 1 further comprising exposing 
mononuclear cells of the individual to one or more Mtb anti 
gens and detecting the expression of IL-17. 5 

16. The method of claim 15 wherein the expression of 
IL-17 in the mononuclear cells exposed to the one or more 
Mtb antigens indicates the patient has latent Mtb infection. 

17. The method of claim 16 wherein the wherein the rela 
tive percentage of mononuclear CD4 T-cells producing 10 
TNFC. but not producing IFN-y or IL-2 is less than 35%. 
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